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http://dx.doi.org/10.1016/j.jds.2012.0Abstract Background/purpose: Polymerization contraction stress is an undesirable and in-
evitable characteristic of adhesive restorations. It is important to understand the stress distri-
bution to improve the clinical effectiveness of resin composite restoration. The aim of this
study was to evaluate the polymerization shrinkage stress created in tooth photoelastic models
using different filling techniques.
Materials and methods: Twenty Class II tooth models were obtained. They were distributed
into four experimental groups (nZ 5) according to the following restorative techniques: resin
composite with horizontal insertion, resin composite with oblique insertion, flowable
composite þ resin composite with horizontal insertion, and flowable composite þ resin com-
posite with oblique insertion restoration. Restored photoelastic models were analyzed using
a plane polariscope. The stress along seven points of adhesive interface was analyzed from im-
ages of each insertion, at the baseline (immediately) and 24 hours after polymerization. Max-
imum shear stress data were obtained and submitted to two-way ANOVA analysis followed by
Tukey’s posthoc test at P Z 0.05.
Results: Horizontal and oblique techniques have shown differences in stress patterns. No dif-
ference between stress values of horizontal and oblique techniques was found. Groups re-
stored with flow composite showed significant higher stress levels than those restored only
with universal composite.
Conclusion: The use of flow composite created higher polymerization stress effects on the
class II restoration than does the conventional restoration technique.
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structure. It provides quantitative evidence of highlyAn important factor that contributes to deterioration of
dental resin composite restorations is contraction stress
that occurs during polymerization.1 The shrinkage of the
resin composite is clinically significant, because it create
forces that may disrupt the bond to the cavity walls.2,3 This
competition between contraction forces within composites
and bonds to the cavity wall may cause gaps between
dentinal wall and the restorative material,4,5 and result in
stresses inside the restoration.6 As a consequence, it can
cause marginal failure and subsequent microleakage that
permits the passage of bacteria, fluids and toxins and could
encourage dentinal hypersensitivity, secondary caries and
pulpal inflammation.7 Additionally, contraction stresses
generated by curing dental resin composites are sufficient
to cause propagation of cracks from flaws existing in a sur-
rounding brittle material.8
The insertion method of the resin into the cavity is
important regarding the stress created on it. Also, the
stress distribution in the restoration and tooth tissues is
strongly dependent on a shape of the filling layers.9 A
method used to reduce contraction is application and pol-
ymerization of resin in small layers, decreasing the stress
on the cavity walls generated during the polymerization
shrinkage and increasing the depth of cure.10 The distri-
bution of the internal stresses in a composite restoration
into a box-shaped cavity is considered to be unfavorable for
the deep dentin bond.11
Flowable composites have been recommended as liners
beneath composite resins due to their low viscosity,
increased elasticity and wettability.12 The use of flowable
composites and compomers as liners decreases gap for-
mation13 and reduces gingival microleakage.14,15 However,
some studies have shown that composites with lower filler
content have higher shrinkage levels than conventional
viscosity composites,16e18 and that polymerization shrink-
age is directly related to polymerization shrinkage
stress.19
A good understanding of the stress distribution may
improve the clinical effectiveness of resin composite
restoration.20 Photoelastic analysis is a reliable method
to evaluate the stress pattern created during the restor-
ative process. Furthermore, photoelastic analysis is
widely used for problems in which stress or strainTable 1 Composition of composites used in the study.
Composite Composition
Filtek Z350 Bis-GMA, Bis-EMA, UDMA with small amounts
Filler load with 78.5% wt of nonagglomerate
agglomerated zirconia/silica nanocluster (5e
is 0.6e1.4 mm.
Filtek Z350 Flow Bis-GMA, UDMA, TEGDMA, and Bis-EMA resin
Filler load with 72.5% wt of a combination o
silica filler, nonagglomerated/nonaggregated
zirconia/silica cluster filler (comprised of 20
Bis-GMAZ bisphenol A glycidyl methacrylate; Bis-EMAZ ethoxylated
TEGDMA Z triethyleneglycol dimethacrylate.information is required for extended regions of the
stressed areas and peak stresses at surface and interior
points of the structure.21
This study proposed to evaluate the polymerization
shrinkage stress created in Class II cavities using different
filling techniques by photoelastic analysis.
Materials and methods
Photoelastic model
A mandibular first molar metallic model with a Class I cavity
(disto-mesial distance: 7 mm, vestibulo-lingual distance:
3 mm, depth: 3 mm) was duplicated with a resinous ma-
terial. The replica was sectioned in the proximal to obtain
a plane surface that allows better visualization. After the
section, a Class II cavity was obtained. Silicon (HydroXt-
reme; Vigodent) molds were made from replicas and a tro-
quel of photoelastic resin (Araldite GY 279/ Aradur 2963
resin; Araltec Chemical Products, Sao Paulo, Brazil) was
obtained from each mold. C-Factor was calculated as the
ratio of bonded and unbonded surfaces areas (C Z 2.2).
Restorative procedures
The composites Filtek Z350 and Filtek Z350 Flow (3M ESPE,
St Paul, MN, USA) were used in this study (Table 1).
The photoelastic models were assigned to four exper-
imental groups (n Z 5) according to the following restor-
ative techniques: resin composite with horizontal insertion,
resin composite with oblique insertion, flowable
composite þ resin composite with horizontal insertion, and
flowable composite þ resin composite with oblique inser-
tion restoration. All materials were used according to the
manufacturer’s instructions.
For all photoelastic replicas, the preparations were acid-
etched with 35% phosphoric acid for 60 seconds (Scotch-
Bond Etchant; 3M ESPE) before the restorative procedures
to remove any contaminant that could interfere with the
bonding procedures. The preparations were then rinsed for
10 seconds and blot-dried using oil free air for 60 seconds. A
thin layer of the adhesive Single-Bond 2 was applied into
the cavity and photoactivated according to the manufac-
turer’s instructions.Manufacturer
of TEGDMA. 3M ESPE
d/ nonaggregated, 20 nm nanosilica filler,
20 nm). The cluster particle size range
s.
f nonagglomerated/nonaggregated 20 nm
4e11 nm zirconia filler, and aggregated
nm silica and 4e11 nm zirconia particles).
bis phenol A dimethacrylate; UDMAZ urethane dimethacrylate,
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After adhesive application, a standardized increment
(w28.3 mm3) of the composite (Filtek Z350) was placed
horizontally in the bottom of the cavity filling the third part
of its extension. Then the composite was photoactivated
with an LED light curing unit (BluePhase II; IvoclarVivadent,
Schaan, Liechtenstein) using the high intensity mode
(1200 mW/cm2) for 20 seconds. Another two increments
were placed and photoactivated in the same way to fill the
cavity.Oblique technique
The first composite increment (w28 mm3) was placed into
the cavity in contact with the pulpar and vestibular walls.
The second increment was placed in contact with the first
increment and the lingual wall; then the third increment
was placed horizontally over the other increments. Each
increment was photoactivated using the same conditions of
horizontal technique.Flow D horizontal technique
A thin layer (w0.5 mm) of the flow composite (Filtek Z350
Flow) was applied on the bottom of the cavity and photo-
activated for 20 seconds in similar conditions as described
above. Two standardized increments of composite were
then placed horizontally as described for the horizontal
technique.Flow D oblique technique
The flow composite was used as described above and two
increments of composite were applied as described for the
oblique technique.Figure 1 (A) Schematic demonstration of isochromatic fPhotoelastic analysis
The restored photoelastic models were analyzed using
a plane polariscope. Images of each insertion of the
restored photoelastic models were recorded at the
baseline (immediately) and 24 hours after polymer-
ization. The stress along the adhesive interface was
evaluated for all experimental groups. The isochromatic
fringe patterns of the stressed sites were determined by
their respective fringe orders. The photoelastic color
patterns were used to compare the distribution of poly-
merization shrinkage stress within the different exper-
imental groups (Fig. 1A).
The quantitative analysis of stress was recorded imme-
diately and 24 hours after photoactivation of each layer and
the values of maximum shear stress (fmax) calculated in
MPa. Nine locations along the adhesive interface were
selected and standardized for all specimens. Isochromatic
fringe order values were calculated from the nine stan-
dardized selected areas (Fig. 1B). The relationship between
principal stress (v1 and v2) and fmax was defined by the
Stress Optic Law using the following equation:
v1  v2Z N $ KvZ 2 $ fmax $ t
Where N is the fringe order (isochromatic), Kv is the pho-
toelastic constant/optical coefficient, and t is the thickness
of the model. The optical coefficient of the photoelastic
material was defined using the same calibration technique
of Va´squez-Rodrı´guez et al22 and according to the plot of
3Pa vs. h2N; where P is the load applied to the beam (N),
a is length between beam supports (m), h is the beam cross-
section height (m) and N the fringe order, the mean coef-
ficient value was Kv Z 11271 N/m. Using the values of
photoelastic constant, thickness, and fringe order, the fmax
of each area was calculated using the above equation. The
sum of fmax of all areas was calculated to obtain the stress
value into the sample.ringe order. (B) Nine points along the cavity interface.
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Maximum shear stress data of the sum of all points along
the adhesive interface were submitted two-way ANOVA
analysis, followed by Tukey’s posthoc test, with significance
set at P  0.05.
Results
Images of the stress created of photoelastic resin by poly-
merization shrinkage stress on Class II cavities restored with
horizontal, oblique, flow þ horizontal and flow þ oblique
techniques are shown in Figs. 2,3,4 and 5 respectively.
Although horizontal and oblique techniques have similar
stress levels, differences in the stress profile were noticed.
The horizontal technique created tension more linear pat-
tern than the oblique technique. Two-way ANOVA analysis
showed that the use of the flow composite, as a liner in
dental composite Class II restorations, increased the
stresses created on photoelastic model (P < 0.05).
Statistical analysis showed that there was no difference
between the horizontal and oblique techniques (P > 0.05).
Apart from when only the first increment was considered,
stress levels of the oblique technique were lower than
observed with the horizontal technique. Groups restored
with flow composite showed significant higher stress levels
than those restored only with regular composite (P < 0.05).
No statistical differences were observed related to time
comparison. The stress levels observed after the third
increment were similar after 24 hours for all filling tech-
niques tested (P Z 0.120).
Nine areas were designated for stress analysis, although
Areas 1 and 9 were disregarded because the tooth anatomy
of photoelastic model and the capture angle of the images
did not allow adequate visualization of these regions. StressFigure 2 Horizonvalues and standard deviation in each point and the total
stress created on the model on the last insertion and within
24 hours are shown in Table 2.
The stress distribution along the seven points of inter-
face in all increments of the groups tested presented
a similar profile. The only exceptions were Areas 4, 5, 6 and
7 in the first increment of the oblique group that showed
lower values than the other groups (Fig. 6).
Discussion
The phenomenon of contraction stress development in
dental composite is highly complex and remains a signifi-
cant clinical concern.23 A stress profile obtained from
photoelastic analysis provided better comprehension of
stresses within the tooth photoelastic model cavity. In this
study, the internal stress generated in the prepared cavity
could be measured and quantitatively evaluated. However,
the differences of the physical properties such as elastic
modulus between the natural teeth and photoelastic resin
models used in this study should be considered for inter-
pretation of the stress.
Shrinkage stress occurs when the contraction is
obstructed and the material is rigid enough to resist plastic
flow and compensate the volume alteration.24 The use of an
incremental filling technique can compensate polymer-
ization shrinkage effects and perhaps decrease tensile
stress concentrations at the restoration interface25,26 and
reduce the cuspal strain.27 Reports have stated that
stresses created by composite polymerization shrinkage
reflect on cavity walls and as a consequence can com-
promise adhesive bond and/or cause cusp deflection,
compromising the longevity of restoration.2,28 Deflection
seems to be related to the combination of polymerization
shrinkage and elastic modulus.29 However, thetal technique.
Figure 3 Oblique technique.
Influence of filling techniques on polymerization stress 57polymerization shrinkage data cannot predict the marginal
integrity of direct restorations.30 Contraction stresses
generated by curing dental resin composites are sufficient
to cause propagation of cracks from flaws existing in a sur-
rounding brittle material.8
According to the results of this study, horizontal and
oblique filling techniques create similar stress levels on the
photoelastic model. Others studies revealed insignificantFigure 4 Flow þ hordifferences between various layering build-up techniques25
and horizontal incremental filling produces cuspal deflexion
similar to oblique incremental filling.27 It is known that for
the same material, polymerization shrinkage is dependent
on the volume of composite polymerized31 and, in this
study, the amount of composite for each increment was
standardized for all groups; this could help to explain the
same stress levels. Also, all experimental groups receivedizontal technique.
Figure 5 Flow þ oblique technique.
58 K.M.C. Oliveira et althe same amount of energy in this study, and polymer-
ization time of the composite material is more important
than the restorative procedure in preventing stresses.25
Although no statistical differences between horizontal
and oblique filling techniques were found, from photoe-
lastic images and mapping stress along interface points, it
could be noticed that oblique first increment reveled less
stress levels. The shape of the increment in the oblique
technique covers less cavity wall surface than the hori-
zontal technique does; this could have created less stress
during this evaluation phase.
Analysis of the fringes created on the photoelastic model
revealed that stress directions with the horizontal techni-
que are more linear than when the oblique technique was
applied. This may indicate that during the restoration
building, stresses created on cavity walls follow the shape
of the composite increment. According to Li et al32 the size
of the restoration had relatively little influence on theTable 2 Average of stress values (MPa) and standard deviation
model for all insertion techniques after insertion of the third inc
Areas Horizontal Technique Oblique Technique
Increment 3 24 h Increment 3 24 h
2 0.85 (0.30) 0.92 (0.14) 0.60 (0.19) 0.63 (0.26)
3 0.67 (0.18) 0.89 (0.16) 0.96 (0.15) 0.99 (0.15)
4 1.13 (0.28) 1.31 (0.30) 1.24 (0.27) 1.10 (0.07)
5 1.24 (0.17) 1.42 (0.31) 1.03 (0.22) 1.13 (0.25)
6 1.13 (0.44) 1.35 (0.33) 1.52 (0.30) 1.56 (0.22)
7 0.85 (0.14) 0.96 (0.09) 1.10 (0.08) 1.10 (0.08)
8 0.74 (0.27) 0.88 (0.20) 0.92 (0.07) 1.03 (0.07)
Total 6.62 (1.17) A 7.71 (1.12) A 7.36 (0.19) A 7.53 (0.65) Aresidual stress development. Moreover, observing the
stresses created along the interface, it could be seen that
regions in the pulp wall showed higher shear stresses than
axial walls for all techniques tested. During photo-
activation, the light initiates the polymerization reaction
first on the external surface of composite that may pull
pulp wall and creates more stress in this area. Also, axial
walls are less restricted and may permit higher stress relief
than pulp walls.
Gonc¸alves et al33 found a strong correlation between
stress and shrinkage; and viscosity followed the same
trend, also showing a strong, exponential correlation with
stress. Groups restored with flow composites showed higher
stress levels on the model than groups where only the
composite with conventional viscosity was used. It is known
that Filtek Z350 Flow present less filler content compared
to Filtek Z350 (information provided by the manufacturer).
This is in accordance with the results of Oliveira et al34 thats at all points evaluated and total stress in the photoelastic
rement and within 24 hours.
Flow þ Horizontal Technique Flow þ Oblique Technique
Increment 3 24 h Increment 3 24 h
0.99 (0.15) 0.88 (0.39) 1.17 (0.23) 1.38 (0.51)
1.06 (0.12) 1.20 (0.28) 1.27 (0.18) 1.20 (0.30)
1.52 (0.15) 1.81 (0.40) 1.56 (0.27) 1.80 (0.32)
1.63 (0.22) 1.84 (0.25) 1.67 (0.19) 1.77 (0.20)
1.84 (0.40) 1.74 (0.54) 1.91 (0.34) 1.88 (0.25)
1.38 (0.18) 1.42 (0.31) 1.35 (0.30) 1.45 (0.34)
1.10 (0.14) 1.24 (0.33) 1.27 (0.28) 1.58 (0.43)
9.53 (1.06) B 10.12 (2.15) AB 10.20 (1.13) B 11.04 (1.63) B
Figure 6 Charts of stress distribution along restoration interface observed after all increments in all groups tested.
Influence of filling techniques on polymerization stress 59showed an increase of maximum shear stress when flowable
resin composite and resin-modified glass-ionomers were
used as cavity liner and/or base. Volumetric shrinkage and
elastic modulus are highly dependent on the material’s
filler content.35 Composites with high filler content have
low matrix fraction, which determines the volume reduc-
tion observed during formation of a dense cross-linked
polymeric network.36 In addition, the decrease in inor-
ganic content leads to an increase in polymerization stress
as result of an increase in composite volumetric shrink-
age.33 Flow composites have been indicated as liners in
composites restorations, considering their better capacity
to flow through pulp wall and improve adaptation of com-
posite restorations.14 Flowable composites presented
higher organic matrix content and polymerization shrinkage
values. Regression analyses showed significantly negative
linear correlations between gap formation and strain ca-
pacity, and between gap formation and flow, and a sig-
nificantly positive linear correlation between gap formation
and shrinkage.13 Therefore, the use of flowable composites
as liners can represent a negative effect in terms of poly-
merization stress and integrity of the restoration.
Moreover, the content and type of monomers present on
material composition can influence polymerization shrink-
age stress.33,35 Triethyleneglycol dimethacrylate (TEGDMA)
is known as a diluent monomer with low molecular
weight.37 Filtek Z350 flow has a higher TEGDMA content
than Filtek Z350 and this could also have caused the higher
stresses levels observed on cavities restored with the flow
composite. The systematic increase in TEGDMA increases
the degree of conversion, volumetric shrinkage, elastic
modulus, and polymerization stress for monomers mixtures,
which are harmful for the integrity of the bonded interface
of composite restorations.33
No differences between total stress after the polymer-
ization of the third increment and within 24 hours were
found for the techniques tested. Polymerization shrinkagestress is directly related to degree of conversion and rate of
polymerization.38 Despite the composite shrinkage in-
creases after stopping the light irradiation due to the
postpolymerization process,39 the photoelastic model ana-
lyzed in this study could compensate the composite addi-
tional shrinkage and relief the stresses created. In addition,
the final stresses at the interface are not necessarily the
higher values obtained in the sample.40 Moreover, resin
composite and flowable composite polymerization stress
achieves stability after 4 hours.34
Clinicians must understand the polymerization shrink-
age stress and realize that the quality of composite resin
restorations depends on successful management of these
stresses.6 Within the limitations of this study, it was
concluded that there were no differences between
layering techniques tested. Flowable composites created
higher polymerization stress than the conventional
composites.
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